The role of vitamin D as an immune modulator has been emphasized in recent years, and low levels of the hormone were observed in several autoimmune diseases including multiple sclerosis and systemic lupus erythematosus. Vitamin D mediates its effect though binding to vitamin D receptor (VDR), and activation of VDR-responsive genes. While VDR gene polymorphism was found to associate with autoimmune thyroid diseases (AITDs), few studies examined levels of vitamin D in these patients and those that did yielded conflicting results. We therefore undertook to evaluate the levels of vitamin D in patients with AITDs compared to patients with non-AITDs and healthy controls. Serum vitamin D (25-OH) levels were measured in 50 patients with AITDs, 42 patients with non-AITDs and 98 healthy subjects, utilizing the LIAISON chemiluminescence immunoassay (DiaSorin, Saluggia, Italy). Vitamin D deficiency was designated at levels lower than 10 ng/ml. Antithyroid antibodies, thyroid functions and demographic parameters were evaluated in all patients. The prevalence of vitamin D deficiency was significantly higher in patients with AITDs compared with healthy individuals (72% versus 30.6%; P,0.001), as well as in patients with Hashimoto's thyroiditis compared to patients with non-AITDs (79% versus 52%; P,0.05). Vitamin D deficiency also correlated to the presence of antithyroid antibodies (P50.01) and abnormal thyroid function tests (P50.059). Significantly low levels of vitamin D were documented in patients with AITDs that were related to the presence of anti thyroid antibodies and abnormal thyroid function tests, suggesting the involvement of vitamin D in the pathogenesis of AITDs and the advisability of supplementation.
INTRODUCTION
Vitamin D deficiency has become a common problem in the general population, and has been linked to an increase in cardiovascular diseases, 1 cancer 2 and infections. 3 The low levels of vitamin D have been attributed to reduced sun exposure and physical activity as well as obesity. Vitamin D supplement appears to reduce the incidence of these morbidities and may reduce all-cause mortality. 4, 5 Deficiency of vitamin D was also found to correlate with an increased incidence of autoimmune diseases, including type I diabetes mellitus (T1DM), 6 rheumatoid arthritis 7 and systemic lupus erythematosus. [8] [9] [10] This observation was linked to the latitude differences found in several autoimmune diseases. 11, 12 For example, the geographic distribution of multiple sclerosis (MS) was inversely correlated with vitamin D status and areas of sunny weather; 13 the incidence of T1DM was positively correlated with north-south latitude, less sunshine exposure and season of birth; 14 and vitamin D supplements in early life was inversely correlated with risk of T1DM later on. 15 In animal models of autoimmune diseases, vitamin D was shown to reduce severity of symptoms and decrease the Th1 response in experimental autoimmune encephalomyelitis and collagen-induced arthritis, and prevent clinical diabetes and pancreatic lesions in the non-obese diabetic mice model. 16 Treatment with vitamin D proved beneficial in the management of autoimmune disorders in humans, by diminishing exacerbations of MS, reducing pain and C-reactive protein levels in rheumatoid arthritis and psoriatic arthritis, and preventing the development of MS or T1DM when given prophylactically. 6, 7, [17] [18] [19] [20] [21] Animal models have also demonstrated a role for vitamin D in autoimmune thyroid diseases (AITDs): vitamin D supplementation, in addition to cyclosporine, effectively prevented the induction of experimental autoimmune thyroiditis, 22 and vitamin D-deficient BALB/c mice developed persistent hyperthyroidism. 23 Few studies have examined the impact of vitamin D deficiency on the incidence of AITDs in humans and those that did yielded conflicting results. Vitamin D levels were found to be lower in patients with AITDs than in healthy volunteers in one study, 24 and in Graves' disease patients when compared to patients with non-AITDs (e.g., toxic nodular goiter). 25 In contrast, a recent study from India found only a weak connection between low vitamin D levels and AITDs. 26 . In view of these conflicting results and the dearth of published studies, we examined levels of vitamin D among patients with thyroid diseases, and the correlation between vitamin D deficiency and AITDs (Hashimoto's thyroiditis and Graves' disease), thyroid function, thyroid autoantibodies and demographic characteristics.
MATERIALS AND METHODS

Study population
Serum samples were collected from 92 patients followed by the outpatient endocrinology clinic of a medical center in Debrecen, Hungary, for thyroid disorders. Blood was drawn during the first 2 weeks of March 2006. Fifty patients were found to have AITDs (evidenced by autoimmune features or elevated antithyroid peroxidase or antithyroglobulin antibodies) and 42 showed no evidence of autoimmunity (non-AITDs). Gender, age and thyroid function tests and specific autoantibodies associated with AITDs were determined for each patient on the day the blood was drawn. Sera from 98 agematched matched healthy donors served as controls. The study was approved by the local ethics committee, and complied with the guidelines of the most recent Helsinki declaration (Edinburgh, 2000). 
Laboratory tests
Statistical analysis
The statistical program SPSS 13.0 (SPSS, Chicago, IL, USA) was used for all analyses. Comparison of categorical variables between groups was performed by chi-square test and Fisher's exact test (two-tailed) as appropriate. Continuous variables are expressed as mean6standard deviation (s.d.). The non-parametric Mann-Whitney U test was performed for comparison of levels between groups. P values ,0.05 were considered statistically significant for all tests.
RESULTS
Vitamin D deficiency in patients compared to healthy controls
Vitamin D deficiency was diagnosed in 63% (58/92) of the patients with thyroid diseases compared to 30% (30/98) of the healthy controls (P,0.001) (Figure 1 ). The prevalence of vitamin D deficiency was even higher in patients with AITDs, 72% (36/50) (P,0.001), particularly in those with Hashimoto's thyroiditis, 79% (22/28) (P,0.001), but also in Graves' disease, 64% (14/22) (P,0.01).
Vitamin D levels in all patients with thyroid disease There was no significant correlation between vitamin D deficiency and age or gender in the 92 patients referred to the endocrinology clinic (Table 1 ). The presence of antithyroid antibodies was significantly more common in patients with vitamin D deficiency than in those with higher vitamin D levels (43% versus 17%, respectively; P50.01). A non-significant association was also observed between vitamin D deficiency and abnormal thyroid function: patients with levels of vitamin D,10 ng/ml exhibited more abnormal thyroid function than patients with vitamin D.10 mg/ml (39% versus 18%; P50.059) ( Table 1) .
Vitamin D levels in AITD patients
A comparison of AITD and non-AITD patients is summarized in Table 2 . Fifty of the total 92 patients were diagnosed with AITDs. Vitamin
Patients with AITDs were younger (mean age: 45 years versus 52 years; P50.05), and included more females (88% versus 64%; P50.01). Vitamin D deficiency was more prevalent in patients with AITDs, 72% (36/50), than in those without AITDs, 52% (22/42) (P50.08). This difference was most significant among patients with Hashimoto's thyroiditis, 79% (P,0.05), and non-significant in those with Graves' disease, 64% (P50.4) (Figure 1 ). In the AITD patients, abnormal thyroid function (non-euthyroid) was documented in 53% of the patients with low levels of vitamin D compared with only 22% of patients with levels above 10 ng/ml (P50.06).
Thyroid-stimulating hormone (TSH) levels tended to have a direct relation to vitamin D status. TSH levels in Hashimoto's thyroiditis were 4.9 mlU/l when vitamin D was ,10 ng/ml and 1.8 mlU/l when vitamin D was .10 ng/ml; and in Graves' disease patients, 0.58 mlU/l and 3.89 mlU/l among those with vitamin D,10 ng/ml and those with vitamin D.10 ng/ml, respectively. TSH levels did not correlate with vitamin D deficiency in non-AITD patients. Thyroid hormone levels (T3 and T4) did not correlate with vitamin D levels in any of the groups.
DISCUSSION
Thyroid diseases are among the most common endocrine abnormalities, and AITDs are perhaps the most prevalent autoimmune diseases. 11, 27 The prevalence of AITDs, including Hashimoto's thyroiditis, Graves' disease and postpartum thyroiditis, is estimated to be as high as 5% of the general population. 11 Furthermore, abnormal thyroid function varies within 7-9% in females and 1-2% in males across different populations, 28 and a significant proportion of these patients will eventually be diagnosed with non-autoimmune diseases due to lack of autoantibodies detection, and/or diagnosis of toxic nodular and multinodular goiter, iodine deficiency, radiation exposure or idiopathic cases.
The pathogenesis of AITDs, like other autoimmune diseases, is multifactorial, combining genetic, immune, environmental and hormonal influences such as vitamin D. [29] [30] [31] [32] [33] Although distinct in manner, AITDs share similar autoimmune pathologies and autoantibodies; for example, both Hashimoto's thyroiditis and Graves' disease are characterized by a dominant T-lymphocyte infiltration of the thyroid gland. In the present study we demonstrate an increased prevalence of vitamin D deficiency among patients with AITDs, particularly Hashimoto's thyroiditis. In addition, we report, for the first time, to the best of our knowledge, a link between vitamin D deficiency and the presence of antithyroid antibodies. An association was also found between vitamin D deficiency and TSH levels, although not significant. The lack of statistical significance may be due to the relatively small group of patients, especially after subgroup analysis. Taken together, these data suggest a pathogenic relationship between vitamin D status and AITDs.
The biologically active form of vitamin D, a secosteroid hormone essential for bone and mineral homeostasis, has been shown to have immunoregulatory and anti-inflammatory properties. 34, 35 Most of the known biological effects of vitamin D are mediated through the vitamin D 3 receptor (VDR) 36 , and can be regulated by the vitamin D-binding protein 37 and the CYP27B1 hydroxylase. 38 The immune modulator properties of vitamin D are ascribed to its effect on cells of the innate and adaptive systems, including macrophages, dendritic cells, and T and B lymphocytes, all of which harbor VDRs. Dendritic cells are a primary target for the immunomodulatoric activity of vitamin D. 39, 40 Vitamin D has been shown to inhibit dendritic celldependent T-cell activation, and promote tolerogenic properties that favor the induction of regulatory rather that effector T cells. In addition, in vitro studies showed that activation of CD4 T cells expressing VDR by vitamin D promotes a Th2 phenotype (with IL-4 and IL-5 production) while suppressing Th1 activity (with interferon-gamma and IL-2 production). 41 Currently, there is no consensus regarding the optimal serum levels of vitamin D among healthy subjects, in addition to which the clinical significance of different vitamin D levels may vary between different populations and be dependent on body mass index, gender, age and seasonal variance. 42 Nevertheless, at the present time vitamin D levels above 30 ng/ml are considered sufficient and confer protection from bone disease, whereas lower levels (vitamin D insufficiency) induce elevation of parathyroid hormone and are associated with other hazardous systemic effects. 43 Very low levels of this hormone, defined as 'vitamin D deficiency', were recently suggested to be related to even worse outcomes. Thus, we are able to estimate the impact of vitamin D deficiency on the pathogenesis of different diseases in a relative rather than quantitative manner by comparing levels of vitamin D in healthy and diseased subjects.
In the current study we set vitamin D deficiency at levels below 10 ng/ml-the value that defined the lower third of a normal population examined at the same time and by the same method. Our data indicate an association between vitamin D deficiency and thyroid dysfunction, specifically when caused by an autoimmune disease. The explanation for these findings is not clear: low levels of vitamin D may be a primary phenomenon involved in the pathogenesis of the disease, or they may simply represent a consequence of the disease. Low vitamin D levels in other autoimmune diseases can be explained by malabsorption (e.g., inflammatory bowel diseases or systemic sclerosis), or by lack of sun exposure due to skin involvement or photosensitivity (e.g., SLE and dermatomyositis). Furthermore, in diseases that cause disability, such as rheumatoid arthritis and MS, reduced outdoor activity and chronic corticosteroid treatment per se might induce low vitamin D levels. However, most patients with thyroid disease generally do not suffer from significant skin disease, malabsorption or reduced outdoor activity. Another plausible explanation is that accelerated bone turnover in patients with hyperthyroidism may lead to high calcium levels and a negative feedback on parathyroid hormone and 1,25(OH) 2 D 3 synthesis. 44 Hyperthyroidism had no association in our patients with lower vitamin D levels when compared to hypothyroidism. Therefore, it seems that a primary role for vitamin D deficiency in the pathogenesis of thyroid disease should be considered.
Allelic variations within the VDR gene have been implicated in mediating susceptibility to several endocrine autoimmune disorders. 45, 46 Recently, several genetic studies demonstrated an association between AITDs and polymorphism of the VDR, as well as other proteins and enzymes associated with vitamin D functions. Horst-Sikorska Vitamin D levels in autoimmune thyroid diseases S Kivity et al 245 et al. 47 linked VDR polymorphism to thyroid autoimmunity susceptibility by demonstrating a correlation between F allele carriers of the VDR-FokI polymorphism and Graves' disease. Stefanic et al. 48 reported an association between VDR-common haplotypic variants and Hashimoto's thyroiditis. In addition, several studies demonstrated genetic polymorphism of the vitamin D-binding protein among Polish 49 and Japanese 50 patients with AITDs, whereas the CYP27B1 hydroxylase polymorphism was found to predispose to Hashimoto's thyroiditis and Graves' disease in German subjects. 51 Of note, some of these associations could not be confirmed in other studies. 52 The present study has several limitations, including the small number of patients, the heterogeneity of the study population, and lack of information on nutrition, social behavior (e.g., outdoor activity) and concomitant diseases. Nevertheless, it seems that the evidence links vitamin D deficiency to AITDs either via gene polymorphism or via lack of environmental uptake, supporting the notion that the effects of vitamin D on the immune system may play a role in the pathogenesis of AITDs.
CONCLUSION
Significantly lower levels of vitamin D were documented in patients with AITDs. Deficiency of vitamin D was linked to the presence of antithyroid antibodies and abnormal thyroid functions. Our data and those of others pointing to the involvement of vitamin D in the pathogenesis of AITDs argue for screening for vitamin D levels in patients with thyroid diseases. Moreover, as treatment with vitamin D is inexpensive and carries minimal side effects, vitamin D supplements may be recommended for AITD patients. Further research is needed to evaluate the beneficial effects of such treatment as well as the optimal doses, including a high-dose regimen of vitamin D recently found to be effective and safe, and to increase compliance in these patients. 53 Additional studies are required on VDR agonists and other reagents that may target tissue-specific agents and further increase the therapeutic range.
